Abstract 1 2 Clay mineral assemblages in a sediment core from the distal Nile discharge plume off 3
1
Introduction 28
29
The Nile in northern Africa is the longest river of the world and the dominant 30 sediment source for the Eastern Mediterranean Sea (Milliman and Syvitski, 1992) . Its 31 drainage basin is about 3 x 10 6 km 2 (Garzanti et al., 2015) and extends from the 32 equator to ca. 30°N (Fig. 1) . The main tributaries of the Nile are the perennial White 33 Nile originating from Lake Victoria in tropical East Africa and the highly seasonal Blue 34 sediment accumulates in the Nile delta, on the Nile cone and along the 23 Mediterranean shelf, whereas the clay-sized sediment fraction is transported in 24 suspension by the surface currents of the Mediterranean Sea to the east and north 25 ( The lightness (L*) of core SL110 was determined in 1 cm steps with a Minolta colour 24 spectrophotometer immediately after opening of the core. 25 
26
The content of total organic carbon (TOC) was measured on 174 ground bulk 27 sediment samples with an Eltra METALYST-CS-1000-S after removal of carbonate 28 with HCl. 29
30
The core was sampled in 1 cm intervals for investigations of the grain size 31 composition of the terrigenous sediment fraction and of the clay mineral 32 assemblages. The samples were oxidized and disaggregated by means of 5% 33 hydrogen peroxide. Carbonate was dissolved by 10% acetic acid. We isolated the 34 terrigenous sand fraction by sieving the samples through a 63 µm mesh. The silt 1 fraction (2-63 µm) was separated from the clay fraction (<2 µm) in settling tubes. 2 
3
The analyses of the clay mineral composition followed standard methods (e.g. 4 Ehrmann et al., 2007). We added MoS 2 as an internal standard to the clay 5 suspension. Texturally oriented clay mounts were solvated with ethylene-glycol 6 vapour at a temperature of 60°C and then X-rayed with a Rigaku MiniFlex system 7 (CoKα radiation; 30 kV; 15 mA). We analysed the samples in the range 3-40° 2Θ 8 with a step size of 0.02° 2Θ and a measuring time of 2 s step -1 . In addition, we 9 analysed the range 27.5-30.6° 2Θ with a step size of 0.01° 2Θ and a measuring time 10 of 4 s step -1 in order to better resolve the (002) peak of kaolinite and the (004) peak 11 of chlorite. We evaluated the diffractograms by using the MacDiff software 12 (Petschick, 2001 ). After adjusting the diffractograms to the MoS 2 peak at 6.15 Å, we 13 deconvoluted the peak doublets smectite/chlorite (17/14 Å), palygorskite/illite 14 The LC21 chronology was constructed by using 14 C dating and by tuning its δ 18 O 31 record to the U/Th-dated Soreq Cave speleothem δ 18 O record (Grant et al., 2012) . 32
Further age control comes from four 14 C-accelerator mass spectrometry (AMS) 34 datings performed by Beta Analytic Radiocarbon Dating Laboratory on well-35 preserved shells of planktonic foraminifera (G. ruber, G. bulloides, G. sacculifer, O, 1 universa) that represent the age of the surface waters. We applied an eastern 2 Levantine Sea Delta-R of 3 ± 66 years (Marine Reservoir Database). The 3 radiocarbon ages were converted to calendar years using the Marine13 data base 4 (Reimer et al., 2013; Table 2).  5   6 We identified a hiatus at 598 cm, at the top of the S5 interval, based on several 7
arguments. The lower part of the dark interval between 622 and 604 cm is 8 characterised by only about 0.8% TOC (Fig. 3a) , by the occurrence of a relatively 9 diverse benthic foraminiferal assemblage containing G. orbicularis, G. translucens 10 and C. laevigata, and by relatively high δ
18 O values (Fig. 3a) . Despite the dark colour, 11 this indicates a pre-sapropelic interval at the transition between Marine Isotope 12
Stages (MIS) 6 and 5 rather than a full sapropel (Schmiedl et al., 2003) . The TOC 13 concentrations start to rise to ca. 1.4% at 603 cm. We therefore assume the base of 14 sapropel S5 at 603 cm, with an age of 128.0 ka (Grant et al., 2012). The TOC values 15 drop abruptly to 0.5% at 596 cm. Thus, the TOC concentrations remain below the 16 typical values of 2-3% in S1, S3, S4 (Fig. 3a) and in S5 of nearby core KL83 17 (Weldeab et al., 2003) . Also the analysis of the benthic foraminifera showed an 18 extremely thin anoxic phase in SL110, compared to a 27 cm thick S5 in KL83 19 (Schmiedl et al., 2003) . Thus, most of S5 is missing in SL110 due to a hiatus that 20 was probably caused by a slump as indicated by the sharp and curved lithological 21 boundary at 598 cm. By comparing our δ 18 O record with standard curves and the 22 record of MD84-641 (Table 1, Kallel et al., 2000) and considering an age of 128-121 23 ka for S5 (Grant et al., 2012) we argue for an extrapolated age of the hiatus from 24 126-119 ka. In nearby core GeoTü KL83 (Table 1) The raw data of our investigations on sediment core GeoTü SL110 are presented in 3 Fig. 3 , which also shows the positions of the sapropel layers S1, S3, S4 and S5. 4 
5
The δ 18 O data of G. ruber go back to MIS 6 (Fig. 3a) . The Last Glacial Maximum has 6 values of ca. 3‰, whereas the minimum values during interglacials MIS 1 and MIS 5 7 are around -1.5‰. 8
9
The lightness data (L*, Fig. 3a ) reflect subtle colour changes within the core. The 10 darkest intervals correlate with the sapropels (L* ca. 37). However, also large parts of 11 the other muds are relatively dark (L* ca. 40-45). The lightest interval occurs during 12 the MIS 6 interval 132-135 ka. 13 
14
TOC contents generally fluctuate between 0.4 and 0.7%, but increase to 2.5-3% in 15 the sapropel layers S1, S3 and S4, and to 1.5% in the pre-sapropelic layer of S5. 16
17
The terrigenous sand content is generally <4%, the silt/clay ratio <1.0. The data sets 18
show the same general pattern (Fig. 3a) According to our age model (Fig. 2, Table 2 ), sediment core SL110 has an 5 extrapolated basal age of ca. 137 ka. The linear sedimentation rates are 2.2 to 9.8 6 cm/ka (Fig. 3a) . They are low during MIS 5, and distinctly higher in late MIS 6 and 7 MIS 4 to MIS 1. Sedimentation rates for nearby core MD84-641, extracted from data 8 by Fontugne and Calvert (1992), show less distinct changes (Fig. 2) and are distinctly 9 lower than in SL110 due to its further offshore position. 10 
11
The non-carbonate sediment fraction of seafloor surface sediments in the region of 12 SL110 is dominantly derived by long-distance sediment transport from the Nile 13 . The enhanced glacial sedimentation rates observed in core SL110 might be a 24 result of stronger currents and/or a shift of the currents and therewith of the high-25 accumulation areas to a more seaward position due to a lower sea level. These 26 processes may also be responsible for the coarsening of the sediments as indicated 27 by the terrigenous sand content and the silt/clay ratios (Fig. 3a) . 28 
29
The increasing glacial sedimentation rates theoretically also could be explained by 30 increasing aridity resulting in an enhanced influx of aeolian dust. Endmember 31 modelling of the terrigenous silt fraction of the nearby core SL112 (892 m water 32 depth), which is located closer to the coast, indicates increased dust fluxes during the 33
LGM and the late glacial (Hamann et al., 2008) . However, such an influx is not 34 documented in the clay mineral record of SL110, e.g. by the concentration of wind-35 blown palygorskite (Fig. 3b) . In addition, glacial sedimentation rates at site SL112 1 were lower when compared to the Holocene, thus supporting the interpretation of a 2 glacial-interglacial shift of the high-accumulation zone. contents <20% (Nyakairu and Koeberl, 2001 ); no smectite was described from lake-34 bottom sediments of Lake Victoria (Mothersill, 1976) . Tropical weathering in the 35 equatorial region produces only small amounts of smectite (Garzanti et al., 2015) . Ka r data of SL110 indicate that AHP 4 started during insolation rise at 116 ka and 7 ended at 99 ka, with sapropel formation occurring at 108-104.5 ka (Fig. 4) . (Fig. 4) . In contrast to the previous AHPs this one is not 29 accompanied by low δ
18 O values. It is also not accompanied by a sapropel, dark 30 sediment colour or enhanced TOC values (Fig. 3a) . However, it coincides with the 31 common occurrence of shallow infaunal Uvigerina peregrina. This highly 32 opportunistic species is adapted to the seasonal deposition of high amounts of fresh 33 phytodetritus (Koho et al., 2008) . In analogy to nearby SL112, the occurrence of this 34 species at site SL110 during AHP 2 is likely fuelled by pronounced algal blooms 35 related to seasonally enhanced Nile runoff and nutrient supply (Schmiedl et al.,  1   2010 ). However, in core SL110 we have strong indications that AHP 2 did not 2 culminate in a sapropel formation. Sediment and nutrient delivery by the Nile was 3 cut-off by a drought linked to Heinrich Event 6 occurring just at the time of maximum 4 insolation (Fig. 4) . This drought, possibly combined with stronger winds and better 5 ventilation of the deep waters, reduced sediment discharge into the Mediterranean 6
Sea and hampered stagnation of the deep water and sapropel formation. be ruled out that a match is obscured because of different age models, insofar as the 19
Fe 73 ka peak corresponds to our well-dated 67 ka clay mineral peak (Fig. 4) . interval documents only a moderate increase of Nile runoff (Fig. 4) suggesting that 34 the observed warming and freshening of the eastern Mediterranean region was 1 predominantly related to a high-latitude climate change. The 65°N insolation curve shows a further low-amplitude maximum at ca. 37 ka. It is 34 also reflected by slightly enhanced smectite and kaolinite abundances in core SL110, 35 ranging 37-31 ka and by the Fe record in the Nile delta (Revel et al., 2010) . No 1 sapropel formation was recorded following the weak insolation maximum at 37 ka. 2 Thus, the two potential humid periods linked to the glacial insolation maxima at 60 3 and 37 ka are only vaguely expressed in the EMS, because their effects were much 4 less distinct and because they were suppressed by the glacial climate regime, 5 particularly the impacts of cold and dry stadials. Our data indicate that an increase in precipitation and Nile suspension delivery 7 happened long before sapropel formation, during phases of increasing insolation. 8
However, in the case of AHP 4 Sm r and Ka r maxima occur just before and after 9 sapropel S4 formation, each accompanied by low silt/clay ratios also indicating 10 enhanced riverine suspension (Fig. 3a) . Thus, maximum riverine sediment influx 11 does not coincide with maximum water discharge during sapropel formation. This is and Atbara, whereas kaolinite abundance reflects the discharge from wadis. The 9 correlation of smectite and kaolinite abundances implies that during times of 10 enhanced Nile suspension discharge the wadis also were active sediment sources. 11 Table 1 . Metadata for the investigated sediment core GeoTü SL110 and other cores mentioned in the text (cf. Fig. 1 ). Table 2 . Data used for constructing the age model for the investigated sediment core GeoTü SL110. Oxygen isotope ages are based on a graphical correlation with the LC21 record (Grant et al., 2012) from the southern Aegean Sea.
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